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Abstract 
Introduction: The purpose of this research is to evaluate the resistance profile of uropathogenic staphylococci bacteria in Casablanca, Morocco. 
Methodology: In this retrospective cross-sectional research carried out from January 2017 to December 2020, isolation and identification were 
carried out according to the usual techniques in medical microbiology. Staphylococcus aureus isolates were confirmed by polymerase chain 
reaction (PCR) amplification of the nuc gene, and the antibiogram was performed according to the guidelines of the Antibiogram Committee 
of the French Society of Microbiology (CA-SFM 2021). The susceptibility of uropathogenic staphylococci to vancomycin was determined with 
broth microdilution following the recommendations of the Clinical and Laboratory Standards Institute. The mecA gene was tested on 
phenotypically cefoxitin-resistant S. aureus isolates by PCR. 
Results: The prevalence of urinary tract infections (UTIs) was 18% (772/4374). UTIs were more common in females (n = 483, 63%) than males 
(n = 289, 37%). Among the Gram-positive bacteria isolated (198, 25.65%), the prevalence of staphylococci was (130/198, 65.66%). Among 
staphylococcal species identified, coagulase-negative staphylococci (CoNS) were more prevalent (112/130, 86.15%), and Staphylococcus 
saprophyticus was the most frequently isolated CoNS (46/112, 41.07%). Additionally, there were several S. aureus strains (18/130, 13.85%). 
Forty-four percent of S. aureus isolates (n = 8) were resistant to cefoxitin and also harboured the mecA gene. All S. aureus isolates were 
susceptible to linezolid, cotrimoxazole and vancomycin.  
Conclusions: The prevalence and antibacterial resistance patterns of uropathogenic staphylococci in this study, with a high percentage of 
methicillin resistance, require careful consideration of antimicrobial therapy for staphylococcal UTIs. 
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Introduction 

Urinary tract infections (UTIs) are the second most 
frequent infectious diseases in hospitals and in the 
community, after respiratory tract infections [1]. Hence, 
there are high morbidity and mortality rates and high 
economic costs associated with their treatment and 
health care [2]. The average global incidence of UTIs is 
estimated to be between 150 and 250 million cases per 
year [3], which causes an expenditure of more than 6 
billion dollars in health care spending for treatment and 
hospitalization [4]. 

UTIs are usually characterized by the appearance of 
significant symptomatic bacteriuria in the urinary tract 
[5]. They can be caused by a wide variety of 
microorganisms, although members of the 

Enterobacteriaceae family and in particular, 
Escherichia coli are the most frequently involved [6], 
because they belong to the human microbiota and easily 
colonize the urinary tract [7]. 

In recent years, Staphylococcus species have 
developed a variety of virulence factors that maintain 
their pathogenicity and high affinity for urinary tract 
epithelial cells. These factors have contributed to a 
more complete understanding of their pathogenic role 
in UTIs, particularly in the elderly, pregnant women or 
those with other risk factors for developing a UTIs [8]. 
The presence or absence of coagulase has traditionally 
been used to classify staphylococcal species into 
coagulase-negative staphylococci (CoNS) or 
coagulase-positive Staphylococcus aureus [9]. The 
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second leading cause of UTIs in sexually active young 
females is Staphylococcus saprophyticus, which is 
characterized phenotypically by its resistance to 
novobiocin [10]. Other CoNS isolated from UTIs, such 
as Staphylococcus epidermidis, Staphylococcus 
hominis, Staphylococcus haemolyticus and 
Staphylococcus warneri, have not frequently been 
identified at the species level; therefore, their functions 
in UTIs could not be determined [11]. 

The treatment of UTIs in inpatient and outpatient 
settings is becoming increasingly difficult because of 
the increase in antibiotic resistance of these bacteria 
[12] due to excessive and inappropriate use of 
antibiotics and the selection of resistant mutant bacteria, 
leaving clinicians with limited therapeutic alternatives 
[13]. UTI epidemiology and antibiotic resistance trends 
show significant geographical and temporal 
heterogeneity. As a result, utilizing analytical 
epidemiology to examine these data is crucial to reflect 
on the national condition in comparison to worldwide 
statistics [14]. Knowing the antibiotic resistance 
tendencies might help clinicians to choose the best 
antibiotic treatments for their patients [12].  

The term methicillin-resistant Staphylococcus 
corresponds to strains of Staphylococcus that can resist 
antibiotics including methicillin, cephalosporins, 
oxacillin, imipenem and other ꞵ-lactam antibiotics [15]. 
Pathogenic staphylococci are well known for their 
resistance and clinical importance. In addition, the slow 
but notable emergence of intermediate- and 
vancomycin-resistant staphylococci in UTIs should be 
mentioned as a formidable obstacle to treatment [8]. 
The focus of this research was to retrospectively 
evaluate 4 years of antibiotic resistance trends and the 
epidemiology of Staphylococcus species. 

 
Methodology 
Research area 

Greater Casablanca is the most densely populated 
region in Morocco. It comprises seven cities 
(Berrechid, Ben Slimane, Casablanca, Mohammedia, 
El Jadida, Sidi Bennour and Settat). Greater Casablanca 
draws a considerable number of migrants from all 
across Morocco, including the countryside, resulting in 
considerable socio-economic heterogeneity [16]. 
Therefore, the population of this region can be 
considered reasonably indicative of the Moroccan 
population. 

 
Study design and population 

This research was designed as a cross-sectional 
survey of uropathogenic staphylococci isolated from 

patients with UTIs between 1 January 2017 and 30 
December 2020. Overall, 4374 urine samples were 
collected in the bacteriology laboratory of the Pasteur 
Institute of Morocco, Casablanca (879 samples), and in 
20 other private medical laboratories in greater 
Casablanca: 15 laboratories in the northern part of the 
region (Casablanca, Mohammedia and Ben Slimane; 
2895 samples), two laboratories in the central part of 
the region (Berrechid and Settat; 298 samples), and 
three laboratories in the southern part of the region (El 
Jadida and Sidi Bennour; 302 samples). Mid-stream 
clean catch urine was collected according to standard 
procedures in the medical clinical laboratory. 

 
Variables 

The date of collection, age, gender, urine culture 
findings, identification of the bacterial strain causing 
the UTIs, and the associated antibiotics resistance 
bacteria findings were all recorded for each patient. 

 
Collection, identification and conservation of strains 

According to the medical microbiology reference 
(REMIC 2018) [17], the biological inclusion criterion 
for this study was a pure bacterial culture with a colony 
count of > 1 × 105 colony-forming unit (CFU)/mL and 
a leucocyte count of > 1 × 104/mL. 

Cystine lactose electrolyte deficient (CLED) agar 
(Biokar Diagnostics, Beauvais, France) and UriSelect 
chromogenic agar (Bio-Rad, Hercules, CA, USA) were 
used to inoculate 10 µL of urine according to the usual 
techniques in medical microbiology. After incubation at 
35 ± 2 ℃ aerobically overnight, urine cultures were 
classified as negative when bacterial growth was < 1 × 
103 CFU/mL or positive when monomorphic bacterial 
growth was > 1 × 105 CFU/mL and the patient exhibited 
UTI symptoms (inclusion criteria). For these cases, 
clinical isolates of Staphylococcus species were 
identified using medical microbiological techniques, 
including biochemical reactions: Gram staining, 
catalase and coagulase activity and mannitol salt agar 
(Biokar Diagnostics, Beauvais, France) fermentation. 
The VITEK 2® COMPACT 15 system (bioMérieux, 
Marcy-l'Étoile, France) was used for identification 
according to standard criteria. 

The isolates were stored in brain heart infusion 
(BHI) broth (Biokar Diagnostics, Beauvais, France) 
with 15% glycerol at -80 °C until use. 

The reference strains S. aureus ATCC 25923 and S. 
epidermidis ATCC 12228 were used as positive 
controls. 
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Antimicrobial susceptibility testing 
Antimicrobial susceptibility testing was performed 

using the disk diffusion technique on Mueller–Hinton 
agar medium (Bio-Rad, Marnes-la-Coquette, France) 
and the automated VITEK 2® COMPACT 15 system 
(bioMérieux, Marcy-l'Étoile, France). 

The inhibition zone diameters were measured after 
an overnight incubation. Each strain was categorised as 
susceptible (S), sensitive at a high dosage (I) or resistant 
(R) following the Antibiogram Committee of the 
French Microbiology Society (CA-SFM 2021) 
guidelines [18]. The antibiotic disks used were 
penicillin-G (1 units), cefoxitin (30 μg), levofloxacin (5 
μg), gentamicin (10 μg), tobramycin (10 μg), 
erythromycin (15 μg), clindamycin (2 μg), tetracycline 
(30 μg), tigecycline (15 μg), linezolid (10 μg) and 
fusidic acid (10 μg). 

 
MIC of vancomycin-resistant Staphylococcus species 

Minimum inhibitory concentrations (MICs) were 
measured for resistant strains by using the liquid micro-
dilution method with cation-adjusted BHI broth and the 
VITEK 2® COMPACT 15 system antibiogram. The 
procedure for this method was carried out in accordance 
with the Clinical and Laboratory Standards Institute 
(CLSI) guidelines [19]. Seven vancomycin 
concentrations were tested: 16, 8, 4, 2, 1, 0.5 and 0.25 
µg/mL. The findings were interpreted according to the 
CLSI guidelines [18]. A MIC ≤ 2 μg/mL was 
considered sensitive, a MIC between 4 and 8 μg/mL 
was considered intermediate and a MIC ≥ 16 μg/mL 
was considered resistant. 

 
Inducible clindamycin resistance: D test 

All Staphylococcus spp isolates with erythromycin 
resistance were tested for inducible resistance to 
clindamycin based on the D test on Muller–Hinton agar. 
Three distinct phenotypes of S. aureus strains were 
deduced from the results of this induction test. 
• The moderate sensitive phenotypes (MS): 

Staphylococcus spp isolates are resistant to 

erythromycin and sensitive to clindamycin but 
without a D-shaped zone. 

• The inducible clindamycin resistance phenotype 
(iMLSB): Staphylococcus spp isolates are resistant 
to erythromycin and sensitive to clindamycin and 
had a D-shaped zone. 

• The constitutive clindamycin resistance phenotype 
(cMLSB): Staphylococcus spp strains are resistant 
to both clindamycin and erythromycin. 
 

Detection of methicillin resistance 
Phenotypic resistance to methicillin was tested 

using a cefoxitin disk (30 µg) under standard 
susceptibility testing conditions and by plating on 
Mueller–Hinton agar, incubating at 35 °C ± 2 for 24 ± 
4 h and measuring the zone of inhibition in millimetres 
[18]. It was categorised as resistant if the zone of 
inhibition was > 22 mm in diameter and sensitive if it 
was < 22 mm in diameter [18]. 

S. aureus ATCC 43300 was used as a positive 
control and S. aureus ATCC 25923 was used as a 
negative control. 

 
Molecular confirmation of S. aureus and methicillin-
resistant S. aureus (MRSA) isolates  

Molecular confirmation was performed by 
amplification of the nuc gene to identify positive S. 
aureus isolates. Polymerase chain reaction (PCR) 
identification of the mecA gene was performed in 
isolates with cefoxitin-resistant phenotype. 

 
DNA extraction 

All Staphylococcus spp isolates were cultivated on 
mannitol salt agar at 37 °C overnight. Genomic DNA 
was extracted from pure cultures using the InstaGene™ 
Matrix (Bio-Rad Laboratories, Hercules, CA, USA) 
according to the manufacturer’s instructions and the 
purified DNA was used as a template for PCR. This 
DNA was stored at -20 °C until use. 

 

Table 1. Target genes, their primer pairs, and cycling conditions for the nuc and mecA genes used in this study. 
Target gene nuc mecA 
Primer pairs 5’-GCGATTGATGGTGATACGGTT-3’ 

5’-AGCCAAGCCTTGACGAACTA 
AAGC-3’ 

5’-GATATCGAGGCCCGTGGATT-3’ 
3’-ACGTCGAACTTGAGCTGTTA-5’ 

PCR product 270 bp 642 bp 
Cycling 
conditions 

Initial denaturation at 94 °C for 5 min. 
(35 cycles): 
-  Denaturation at 94 °C for 30 s. 
- Annealing at 55 °C for 30 s. 
- Polymerization at 72 °C for 1 min. 
- Final extension step at 72 °C for 10 min [20]. 

Initial denaturation at 95 °C for 1 min. 
(35 cycles): 
- Denaturation at 94 °C for 1min. 
- Annealing at 52 °C for 1min. 
- Polymerization at 72 °C for 1min. 
- Final extension step at 72 °C for 10 min [21]. 
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PCR amplification 
PCR reaction was performed using 2 μL of the 

DNA template, 10 μL of 5x MyTaq Reaction Buffer 
(Bioline Reagents, London, UK) containing 5 mM of 
dNTPs, 15 mM of MgCl2, stabilisers and enhancers at 
optimal concentrations (eliminating the need for 
optimisation), 1 µL of MyTaq DNA Polymerase, 1 μL 
of each primer at a concentration of 20 pmol, and 
double-distilled water. The primer pairs and cycling 
conditions used in the PCR are summarized in Table 1 
[20-22]. 

After running the PCR, 10 µL of the product was 
separated by electrophoresis in a 1.5% agarose gel 
(Sigma, Darmstadt, Germany) stained with 0.5 μg/mL 
ethidium bromide (Sigma, Darmstadt, Germany) in 1× 
TAE buffer for 30 min and then visualised under UV 
Light. 

 
Statistical analysis  

The data were analysed using IBM SPSS Statistics 
26 (IBM, Armonk, NY, USA). The date of isolation, 
demographic characteristics, the isolate detected, and 
the antibiotic susceptibility patterns were evaluated. 
The Chi-square test was calculated to ascertain the 
association between patient demographics and UTIs. A 
p value ≤ 0.05 was considered to be statistically 
significantly. 

 
Ethical consideration 

This study received approval from the Internal 
Ethics Committee of the Department of Biology-
Geology, Polydisciplinary Faculty of Sultan Moulay 
Slimane University, Beni Mellal. 

 
Results 

Characteristics of patients 
A total of 4,374 urine samples were collected during 

the research period, of which 772 were positive urine 
cultures, representing UTIs prevalence rate of 18%. 
Fever, burning on urination and kidney problems were 
among the most common symptoms in those with UTIs. 

The UTIs were significantly associated with the 
female gender, with a male to female gender ratio of 
0.59 (483 females [63%] versus 289 males [37%], p = 
0.029). The mean ± standard deviation age of the 
infected patients was 34.77 ± 31.61 years (range 1 
month to 97 years). People of both genders and of all 
ages are susceptible to UTIs. The prevalence of those 
infections was higher in the age groups of 0–14 years, 
25–64 years and > 67 years, with 36.92%, 30.05% and 
29.66%, respectively. The age group of 15–24 years 
had the lowest prevalence of 3.37%. 

 
Infection prevalence and pathogens 

Of the 772 isolates, 520 (67.36%) were members of 
Enterobacteriaceae, 45 (5.83%) were Gram-negative 
non-fermenting bacteria, 198 (25.65%) were Gram-
positive bacteria and 1.17% were Candida spp (Table 
2). 

Gram-negative bacilli were the most predominant 
uropathogenic bacteria, with E. coli accounting for 
75.38% (n = 392) and Klebsiella spp accounting for 
16.54% (n = 86) of the isolates (Table 2). Nevertheless, 
Gram-positive bacteria were a common cause of UTIs, 
especially in the elderly, pregnant women and people 
with other risk factors for UTIs. Among the Gram-
positive bacteria isolated (n = 198), Staphylococcus spp 
(130/198, 65.66%) was the most frequent, followed by 
Enterococcus spp (48/198, 24.25%) and Streptococcus 
spp (20/198, 10.09%) (Table 2). 

Table 2. Prevalence of uropathogenic bacteria. 
Bacteria % 

Enterobacteriaceae (n = 520) Escherichia coli 75.38 (392/520) 
Klebsiella spp 16.54 (86/520) 
Enterobacter spp 5.00 (26/520) 
Proteus spp 3.08 (16/520) 

Non fermenting Enterobacteriaceae (n=45) 5.83 (45/772) 
Gram positive (n = 198). Staphylococcus spp (n = 

130) 
CoNS (n = 
112) 

S. auriculari 2.68 (3/112) 
S. epidermidis 28.57 (32/112) 
S. haemolyticus 12.50 (14/112) 
S. Hominis 7.14 (8/112) 
S. saprophyticus 41.07(46/112) 
S. Simulans 2.68 (3/112) 
S. warneri 5.36 (6 /11) 

S. aureus (n = 18) 13.85 (18/130) 
Streptococcus spp (n = 20) 10.09 (3/112) 
Enterococcus spp (n = 48) 48.62 (3/112) 

Candida spp (n = 9) 1.17 
CoNS: coagulase-negative Staphylococcus. 
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Regarding the staphylococcal species identified, 
CoNS were more prevalent, at 86.15% (112/130). On 
the other hand, S. aureus was identified in a minority of 
cases (18/130, 13.85%); these isolates tested positive 
for the nuc gene. S. saprophyticus was the most 
frequently isolated CoNS (46/112, 41.07%), followed 
by S. epidermidis (32/112, 28,57%) and S. haemolyticus 
(14/112, 12.5%) (Table 2). 

 
Antibiotics resistance profile of uropathogenic 
staphylococci isolates 

The antibiotic resistance profiles of uropathogenic 
Staphylococcus spp were determined by following the 
recommendations of CA-SFM 2021 [18]. 

 
β-lactam antibiotic resistance profile 

In this study, S. saprophyticus, S. aureus, S. 
epidermidis and S. haemolyticus were the most 
frequently identified Staphylococcus species. They 
showed significant penicillin resistance: 100%, 
83.33%, 81.25% and 64.28%, respectively. The disk 
diffusion method of cefoxitin on the Mueller–Hinton 
agar medium revealed that 44.44% S. aureus (n = 8) 
isolates were resistant to cefoxitin. On the other hand, a 
significantly higher proportion of CoNS isolates were 
resistant to cefoxitin, with 69% of S. epidermidis and 
64.28% of S. haemolyticus exhibiting resistance to this 
antibiotic.  

After confirmation of the phenotypic test for 
cefoxitin resistance, a genotypic PCR test was 
performed to identify the mecA gene. All cefoxitin-
resistant S. aureus isolates were positive for the mecA 
gene, a finding consistent with the results of the PCR 
amplification test. All mecA-positive strains isolated in 
this study were sensitive to vancomycin, gentamicin 
and linezolid and resistant to multiple antibiotics (Table 
3). 

 

Aminoglycoside antibiotic resistance profile 
All S. aureus and S. saprophyticus isolates were 

susceptible to aminoglycoside antibiotics (gentamicin, 
tobramycin and kanamycin). Sixty-four percent of S. 
haeomolyticus isolates were resistant to kanamycin and 
tobramycin, and over 36% were resistant to 
gentamycin. In addition, 44 % of S. epidermidis strains 
were resistant to kanamycin, 34.3% of isolates were 
resistant to tobramycin and 12.5% of isolates were 
resistant to gentamycin. Sixty-three percent of S. 
hominis isolates were resistant to gentamicin, 
kanamycin and tobramycin. In contrast, gentamicin and 
tobramycin remained effective against S. warneri 
isolates (Table 4). 

 
Macrolide antibiotic resistance profile 

Forty-four percent of S. aureus isolates, 43.47% of 
S. saprophyticus isolates and 43.75% of S. epidermidis 
isolates were resistant to erythromycin. In contrast, S. 
haemolyticus and S. hominis isolates had the lowest 
resistance to erythromycin, with 35.7% and 37.5%, 
respectively (Table 4). Both erythromycin and 
clindamycin were effective against 59.23% of 
Staphylococcus spp. On the other hand, 23.85% of 
Staphylococcus spp had the cMLSB phenotype, 6.92% 
had the MS phenotype and 10 % had the iMLSB 
phenotype. 

 
Fluoroquinolone antibiotic resistance profile 

All examined S. aureus, S. saprophyticus, S. 
hominis and S. warneri strains were sensitive to 
fluoroquinolones. Although S. epidermidis and S. 
haemolyticus exhibited 40.63% and 35.71% resistance 
to levofloxacin, respectively, these strains are also 
resistant to all other fluoroquinolone antibiotics (Table 
4). 

 

Table 3. Antibiotic resistance profile of S. aureus isolates. 

Antibiotics 
S. aureus (%) 

p value MecA+ 
(44.4%) 

MecA- 
(55.6%) 

Penicillin G 100 70 1 
Tobramycin 0 0 - 
Gentamycin 0 0 - 
Erythromycin 62.5 10 0.48 
Clindamycin 12.5 0 0.42 
Tetracycline 62.5 10 0.48 
Levofloxacin 0 0 - 
Linezolid 0 0 - 
Fusidic Acid 100 10 0.14 
Vancomycin 0 0 - 
Teicoplanin 0 0 - 
Trimethoprim-sulfamethoxazole (SXT) 100 0 - 

 



Aniba et al. – Antibacterial resistance in staphylococci      J Infect Dev Ctries 2023; 17(10):1436-1445. 

1441 

Linezolid, cotrimoxazole, vancomycin and fusidic acid 
antibiotic resistance profiles 

The most effective antibiotics against S. aureus 
isolates were linezolid, cotrimoxazole and vancomycin 
(100%). The vancomycin MICs for the various S. 
aureus strains ranged from 0.5 to 1 µg/mL. S. 
saprophyticus isolates were highly resistant to fusidic 
acid (60.87%) and were least resistant to linezolid 
(19.57%), cotrimoxazole (20%) and vancomycin 
(10.87%). S. epidermidis showed the highest resistance 
to fusidic acid (50%). On the other hand, there was very 
low resistance to linezolid, cotrimoxazole and 
vancomycin. The vancomycin MICs for the S. 
epidermidis and S. saprophyticus strains ranged from 
0.5 to more than 16 µg/mL. Linezolid, cotrimoxazole 
and vancomycin were highly effective against all 
strains of S. haeomolyticus, S. hominis and S. warneri. 
In contrast, these strains exhibited high resistance to 
fusidic acid (64.28%, 62.5% and 50%, respectively) 
(Table 4). 

 
Discussion 

UTIs are among the most widespread bacterial 
infections in the community and hospital settings, 
particularly within the health care context. Throughout 
the world, UTIs impact patients of all ages and both 
genders. Compared to previous research [23-25], the 
prevalence of UTIs in this study was very low (18%), 
most likely due to demographic and sample size 
differences. Additionally, the advancements in UTI 
treatment [26] and public hygiene [27], over time may 
have reduced the prevalence of UTIs. According to 
literature, UTIs are more prevalent in women than in 
men. In the current study, 63% of those infected were 
women while 37% were men. Indeed, UTIs in women 
may be promoted by various factors related to the 
anatomical and physiological characteristics of their 
urinary tract and hormonal variation [24,28]. 

E. coli was the most isolated bacterium in the 
samples (75.38%), followed by Klebsiella spp strains 
(16.54%). These results are consistent with several 
studies [29,30]. UTIs are much less commonly caused 
by Staphylococcus spp. Of the isolated CoNS, 41.07% 
were S. saprophyticus, 12.50 % were S. haemolyticus 
and 25.89% were S. epidermidis. These results are 
comparable to previous studies conducted at the 
University Hospital in Tahar Sfar, Mahdia, Tunisia 
[31], and in the Nemba District Hospital in Rwanda 
[32].  

Colonisation of the gastrointestinal tract by S. 
saprophyticus has been associated with UTIs, with a 
pathophysiology that is similar to UTIs caused by E. 
coli [32].  

Ingestion of contaminated food products, which can 
promote colonisation and subsequent UTIs, accounted 
for the high isolation rate of S. saprophyticus strains in 
the current study [33]. In addition to nutrition, other 
environmental and human causes of S. saprophyticus 
infection include the marine environment [34], 
genitourinary abnormalities [35], recent sexual activity 
[36], and previous exposure to raw meat or antibiotics 
[37]. The relationship between outdoor swimming and 
S. saprophyticus colonization has been clearly 
documented [35]. 

The prevalence rate of S. aureus causing UTIs in 
this study (13.85%) is lower than in similar studies 
conducted in the Aljouf region of northern Saudi Arabia 
[38] and in the northern province of Rwanda in the 
Gakenke district [28]. The clinical significance of S. 
aureus isolation in the urine is undetermined. 
Furthermore, several factors can explain the isolation 
rate of S. aureus in this study, such as urinary tract 
instrumentation, long-term care, urological surgical 
procedures, urinary tract obstruction, older age, hospital 
exposure, malignancy and the presence of an indwelling 
catheter [39]. 

Table 4. Level of antimicrobial resistance of CoNS isolates (%). 

Antibiotics CoNS isolates (%) 
S. saprophyticus S. epidermidis S. heomolyticus S. hominis S. warneri 

Penicillin G 100 81.25 64.28 100 100 
Kanamycin 0 43.75 64.28 62.5 50 
Tobramycin 0 34.37 64.28 62.5 0 
Gentamycin 0 12.50 35.71 62.5 0 
Erythromycin 43.47 43.75 35.71 37.5 50 
Tetracycline 10.87 68.75 64.28 37.5 0 
Levofloxacin 0 40.63 35.71 0 0 
Linezolid 19.57 9.38 0 0 0 
Fusidic Acid 60.87 50 64.28 62.5 50 
Vancomycin 10.87 9.38 0 0 0 
Teicoplanin 0 18.75 0 0 0 
CoNS: coagulase-negative Staphylococcus. 
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Staphylococcal bacteraemia and invasive S. aureus 
pathologies such as renal abscesses, pyomyositis, 
osteomyelitis, endocarditis, thrombophlebitis, and 
septic arthritis can be caused by S. aureus UTIs [40]. 
The causes and relationships between persistent S. 
aureus UTIs and the percentage of patients who 
develop bacteraemia are unclear [39]. Recent research 
has shown that chronic S. aureus–associated bacteriuria 
may be a sign of severe S. aureus bacteraemia and 
invasive S. aureus infections [40]. In addition, S. aureus 
UTIs are seen in approximately 7–16% of patients with 
S. aureus bacteraemia, particularly in cases of 
endocarditis, and are considered an indicator of 
haematogenous seeding of the renal parenchyma [41]. 

MRSA has become a global public health challenge 
and is known as a serious pathogenic bacterium that can 
cause community- and hospital-acquired infections 
with high morbidity and mortality despite the use of 
antibiotics [15]. In addition, in patients with hospital-
acquired MRSA, the urinary tract is a frequent site of 
colonisation and infection [15]. Furthermore, MRSA 
makes it problematic to determine the specific function 
of S. aureus as a causative factor in symptomatic UTIs 
[15]. In this study, the prevalence of S. aureus was 
7.32%, and MRSA accounted for 43% of S. aureus 
isolates. This prevalence is higher than that reported in 
studies conducted in University Hospital Waterford, 
Waterford, Ireland [42], in the Arba Minch General 
Hospital, Southern Ethiopia [15], and in Prince Mutaib 
Hospital, Sakaka, Aljouf, Saudi Arabia [38]. 

The aetiology of staphylococci that cause UTIs as 
well as their antimicrobial resistance varies over time 
and differs among countries, ranging from high to 
moderate to mild. In this study, the most frequently 
isolated Staphylococcus spp uropathogens were all 
quite resistant to penicillin: 100%, 83.33%, 81.25% and 
64.28% for S. saprophyticus, S. aureus, S. epidermidis 
and S. haemolyticus, respectively. These resistance 
rates are consistent with the results of other studies 
[15,43]. This global state of ꞵ-lactam antibiotic 
resistance is the result of selection pressure caused by 
the inappropriate and intensive use of ꞵ-lactam 
antibiotics in health care facilities and in self-
medication. 

Aminoglycosides are a type of antibiotic that can be 
used in combination with glycopeptides or β-lactams to 
treat complicated staphylococcal UTIs [44]. 
Aminoglycosides bind to the 16S subunit of bacterial 
ribosomal RNA, interfering with protein biosynthesis 
and ultimately leading to cell death [45]. All S. aureus 
and S. saprophyticus isolates in the current study were 
completely susceptible to aminoglycoside antibiotics. 

Because aminoglycoside antibiotics are effective 
against Staphylococcus species, rational use of these 
molecules is necessary to prevent the emergence of 
multidrug-resistant strains. However, 64.28% of S. 
haemolyticus isolates were resistant to kanamycin and 
tobramycin, and 35.71% of the isolates were resistant to 
gentamycin. This result is comparable to that reported 
by Haque et al. [46] in 2021 in Bangladesh. On the other 
hand, 43.75% of S. epidermidis isolates were resistant 
to kanamycin, while 34.37% were resistant to 
tobramycin. These results contrast with those published 
by Anam et al. [47] in 2015 in Pakistan, with 
gentamicin resistance of 92.3%. 

The macrolide family, including erythromycin, is 
widely used to treat UTIs caused by a variety of 
bacteria, including uropathogenic Staphylococcus [48]. 
Erythromycin inhibits the synthesis of proteins 
necessary for bacterial activity, which reduces bacterial 
growth and prevents the peptide chain from leaving the 
bacterial ribosome by binding to the 23S ribosomal 
RNA molecule in the 50S subunit [49]. Forty-four 
percent of S. aureus isolates, 43.47% of S. 
saprophyticus isolates and 43.75% of S. epidermidis 
isolates were resistant to erythromycin. This finding is 
similar to that found by Simon-Oke et al. [50] in 2019 
in Akure, Nigeria, and by Ulrika Windahl et al. [51] in 
2014 in Uppsala, Sweden. In this study, S. haemolyticus 
and S. hominis isolates showed the lowest resistance to 
erythromycin (35.71% and 37.5%, respectively). These 
resistance rates are lower than reports from Rajshahi, 
Bangladesh [46], Rio de Janeiro, Brazil [50], and 
Akure, Nigeria [43], which reported that 76.93%, 64% 
and 50% of S. haemolyticus strains, respectively, were 
resistant to erythromycin. 

UTIs are most often treated with fluoroquinolones 
such as levofloxacin and ciprofloxacin, which are 
broad-spectrum antibiotics against both Gram-positive 
and Gram-negative bacteria [23]. Levofloxacin-
resistant Staphylococcus species have emerged 
worldwide due to the increased use of fluoroquinolones 
[52]. In this study, fluoroquinolone antibiotics were 
more effective against S. aureus, S. saprophyticus, S. 
hominis and S. warneri. This finding is consistent with 
other studies that have shown high sensitivity to 
fluoroquinolones [50]. The isolates showed the lowest 
resistance to levofloxacin: 40.63% for S. epidermidis 
and 35.71% for S. haeomolyticus. There have been 
reports of higher resistance of S. haeomolyticus to 
ciprofloxacin: 50% in a study on uropathogenic bacteria 
in Jakarta, Indonesia [53], and 73.08% in a study 
conducted to evaluate the antibiogram profiling of 
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multidrug resistant S. haemolyticus isolated from 
patients with UTIs in Bangladesh [46]. 

In the present study, all uropathogenic 
Staphylococcus spp isolates were susceptible to 
linezolid, cotrimoxazole and vancomycin. This result is 
comparable to other studies conducted worldwide [54]. 
Linezolid resistance in uropathogenic staphylococci is 
rare, while prolonged exposure to vancomycin results 
in the emergence of staphylococci with reduced 
susceptibility to vancomycin, and the strains are 
classified as having intermediate vancomycin 
resistance. 

 
Conclusions 

To the best of our knowledge, this is the first 
extensive research on the prevalence and antibiotic 
resistance of staphylococcal strains isolated from urine 
in Morocco. Among the Gram-positive bacteria 
isolated, the prevalence of uropathogenic staphylococci 
was 65.66%, with S. aureus isolates representing 
13.85%. Eight S. aureus isolates were MRSA strains 
(8/18, 44.4%). Almost all Staphylococcus spp isolates 
were susceptible to linezolid, cotrimoxazole and 
vancomycin; however, they showed high resistance to 
penicillin G, fusidic acid and kanamycin. These 
findings emphasise the need for continuous 
antimicrobial resistance surveillance and for special 
precautions when designing empirical treatment. 
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